Lake Tchad and Zaire basins and surrounding areas:  Regional-geographic and geomorphic analyses using ERTS-satellite imagery by Stercky, J.
K A T H O L I E K E  U N I V F R S I T E I T  T E  L i U V E N  
Departement Geografie-Geologie 
Laboratoriuln v o w  exper inente le  geomordologie en t r o p i  sche s t r eken  
REPORTS on 
LAHE TCHAD AND ZAIRE BASINS AND SURROUNDING AREAS 
Regional-geographic and Geomarphic A n a l y s e s  us ing  
EXTS-Satellite Imgery (NASA User IXD. ~085) 
R E P O R T  N O 4  
ERTS-1 S t r i p  : INONGO-INGENTlE-GETIENA-BOSOBOLO . 
J. Sterckx 
i E 1 4 - l r . 7 7 9 )  L A K F  T L " H 1 D  A N C  Z A I R Z  BASINS N74-34746  
A N C  S U E R C U N D I N G  A R E A S :  
R E G I C N A Z - G Z O G K A P H I C  A N D  GEOUORPHIC 
( K a t h o l i ~ k e  U n i v e r s i t e i t  t~ L e u v ~ n  'Jnclas 
(Belgium) . )  D AC 04 .dl; C S C L  C,8F G3/13  GO773 
Laboratorium mar e x p e r i m n t e l e  geomorfologie en t rop i sche  &reken 
Redingens tmat ,  16 b i s  
jooo I;;'V'VEN/ BELGIUM 
https://ntrs.nasa.gov/search.jsp?R=19740026633 2020-03-23T02:23:45+00:00Z
L E G E N D  
Clouds  . 
r h y s i c a l  f e a t u r e s  
- p r o s i o n  Q 2 
- river p a t t e r n  - b r a i d e d  - 
- lske D 
- savanna g r a s s l a n d  ' , ' ,  , 1 , '  
- marsh 
t~unsn . .  f e a t u r e s  
- s e t t l e a e n t s ,  r o a d s ,  c r o p  and  f d l l o w  l a n d  
- b u r n t  a r e a s  
r e r r i o n a l - g e g p a p h i c  d i v i s i o n  
- limit of s u b r e g i o n s  
- limit of r e g i o n s  

Report N 4  4 
INTRODUCTION 
Th i s  ERTS-1 s t r i p  covers  an a r e a  which extends from t h e  Ubangi i n  t he  
n o r w  t o  t h e  Kasai i n  t he  south. Its southern p a r t  co'incides with the  
co r the rn  p a r t  of a  s t r i p  taken eighteen days before ,  vhich extends over t he  
Kwango p l a t eau  t o  the  Zafre-Angola f r o n t i e r .  Thus, t h e  tvio s t r i p s  cover t h e  
m e a  of Lake Maidombe (former. Lake Leopold 11) and the  Lukenie and K a d  
river=, The southern s t r i p  i s  b e t t e r  f o r  t he  Kasai-Lukenie a r e a ,  while t he  
northern i s  more s u i t a b l e  f a r  t he  a n a l y s i s  of t he  Lake Xaidombe area. So we 
w i l l  t ake  the  Lukenie a s  southern l i m i t  f o r  ana lyz iag  t h e  northern s t r i p .  
The geographic coord ina tes  of t he  a r ea  without the  Kasai-lukenie d iv ide  can 
be approximately s t a t e d  a s  fol lows:  
Th i s  g ives  an a rea  of about 195.000 km 2 
P U T  I PROCEDURE OF ANALYSIS AND INTZRFRETATION KEYS 
3 A f i r s t  apprsach cons is ted  i n  d i r e c t  a n a l y s i s  af c o n t a c t p r i n t s  on a  
1/3.369.000 s c a l e ,  cnly using a  magnif ier ,  i n  order  t o  recognize the  most 
s t r i k i n g  d i f f e r e m e s  i n  tones and t a  suggsst  hypotheses about the  correspcm- 
ding f e a t u r e s  i n  the  area.  
I n  a secona a t ep  the  p o s i t i v e  t r a m p a r e n c i e s  ( i n  p a r t i c u l a r  hands 5 and 
7 )  "ere pro jec ted  on a  1/1.000.000 sca l e ,  and sketched; thesa  ske tches  ware 
grouped l a t e r  t o  form a c o n t i n u o ~ s  s b - i p .  The a n a l y s i s  of t he  t ransparenc ies  
permits  the  fol lowing s t a t enen t s :  
( I )  Human f a c t s ,  such a s  roads  and setttlements s t rong ly  c m t r a s t  with vege- 
t s t i o n  and the re fo re  t h e t  appear n o s t '  c l e a r l y  on the  images of band 5 ,  
which belongs t o  the s p e c t r a l  zone charac te r ized  by t h e  increas ing  aL- 
so rp t ion  of r a d i a t i o n s  by chlorophyll .  So on band 5 ob jec t s  with chloro- 
phy l l  a r e  c l e a r l y  d i s t i n c t  form ob jec t s  w i t h o u t ( ~ ~ i ~ h x  A";: 1973) 
Of  course the  recogni t ion  of these  human f a c t s  on ERTS-images deperds on 
t h e  r e a l  dimensions ~f these  f a c t s  and on the  resolutrion c a p a b i l i t y  of 
t he  images; thesa  two reasons o f t en  hinder  recogni t ion .  
(2.) The absorp t ion  capac i ty  of ch lorophyl l  decreases  a l l  st once about O , ~ R U  
and ch larophyl l  becomes h ighly  r e f l e c t a n t  f o r  longer  wavelengths. This  
l i m i t  of a,7 mc o s c i l l a t e s  a  l i t t l e  i n  func t ion  of ch lorophyl l  conten t :  
a very high ch lorophyl l  conten t  puahes up the  absorp t ion  l i m i t  t o  t h e  
longer  wev~ leng the  (81t:hr:n A .D. 1973) ,I. Thi s  statement i s  very impor- 
t z n t  i n  d i s t i n g u i ~ h i n g  c u l t i \ ~ t e d  a r e a s  f ~ o m  f o r e s t e d  a reas :  whereas on 
band 5 (0,6-0,'/ mu) both absorb t h e  radiat i ions,  on ban t s  6 and 7 c u l t i -  
va ted  a reas  r e f l e c t  much more than f o r e s t e d  a r e a s  ( i t  cannot be a t t r i b u t e d  
t o  s o i l  r e f l e c t a n c e ,  s ince  t h e  r e f l ac t ance  begins suddenly a t  about 
0,7 mu, ,mhila s o i l  r e f l e c t a n c e  appears  t o  increase  monotonically with 
t h e  wavelenga  over t h e  s p e c t r d  range O,5 mu t o  beyond 2 m u ( ~ i ~ h : ~ : : ,  A.D. 
1973.)" a 
F i n a l l y  a mul t i speabra l  p ro j ec t ion  of bands 4, 5 and 7 was r e a l i z e d  i n  
f a l s e  co lor  using a  r e d  f i l t e r  f o r  band T ,  a green f o r  band 5 and a b lue  f o r  
band 4. This  f a l s e  co lor  enhancement of s i g n a t u r e s  g ives  complementary in-  
formation t o  t h e  a n a l y s i s  of b lack  and white imageer nsmely 
- d i f f e rences  i n  r ed  tones  co rnspond  t o  n o t a b l e  d i f f e r ences  i n  vegetat , ion 
cover based on i ts  d i f f e rences  i n  ch lorophyl l  conten t :  
dark red  : t r o p i o a l  moist fo re s t , edaph ic  f o r e s t ,  f o r e s t  g a l l e r i e s  
red  : savanna woodland 
b r igh t  red:  ou l t i va t ed  a r e a s  
= homogeneous red :  p l an ta t ions  
I with dark d o t t s :  crop and f a l low land 
ye1lowi.h red:  dry savanna and s teppe 
- the Kasai r i v e r  appears  b lack  with a  greenish  shine due t o  t he  water 
being reddish coloured by s e d h e n t  load. 
A great inccnvenience f o r  analyzing and Lnterpre t ing  the  images was the  
h igh .  cloud cover present  i n  many part.s of t h e  s t r i p ,  i n  p a r t i c u l a r  s o u t h ~ a s k  
of Lake Naidombe and i n  t h e  bas in  of ,he Ruki, a f f l u e n t  of the  ZaTre. E ls?-  
?here cloud cover i s  s l i g h t  t o  moderate, while i n  )he neighbourhood of t he  
v > a q l  t he re  i s  more haze. However clouds a r e  c h i e f l y  c i r r o s t r a t u s  and c i r r o -  
cumulus and a r e  somewhat t r anspa ren t ;  t h i s  proper ty  p e r n i t s  t o  recognize some 
f e a t u r e s  which s t rongly  c o n t r a s t  with t h e  environment,such a s  black toned 
r i v e r s  and l i g h t  toned c u l t i v a t e d  a reas ,  a l though i n  t hese  cases  t he  limits 
l ack  sharpness. 
PART I1 DISCUSSION OF THE IS:PGES 
11.1. P a r t i c u l a r  s i p a t u r e s  on the  images 
------------- ------------------ -- 
11.1.1. The area of t he  Boruampe-Nontaba (ID 1096-08271) 
On band 7 we observe whi t i sh  spo t s  on a r e l a t i v e l y  i a r k  background, they  
a r e  separated by a  few l i g h t  gray toned bands out l lned  by almost black 
narrow and discont inuous l i n e s .  On band 6 t h e  whi t i sh  s p o t s  a r e  a s  
a s  t h e  bands, .wh i l e  on band 5 no d i f f e rences  i n  tone aan be observed and 
the  whole a r e a  is black. The l i g h t  gray toned bands a r e  i n t e rp re t ed  a s  
a l l u v i a l  p l a ins ,  a l though r i v e r  beds can not  be reoognized; the  a l l u v i a l  
p l a i n s  a r e  probably covered with a marshy vege ta t ion  and bordered by 
small rows of buahei. We be l i eve  the  whi t i sh  s p o t s  a r e  crop and f a l low 
land. 
11.1.2. An a rea  NW of Lake Maidombe (ID 1096-08264) and a  few a r e a s  south of 
t h e  Ubangi and i n  t he  Lua bas in  (ID 1096-08250, and -08253) are charncte- 
r i z e d  on band 7 by numerous blaok spo t s  on a dark gray background. These 
spo t s  a r e  l e s s  d i s t i n c t  f r o n  background on band 6 and more c l e a r  than  
background on band 5 images. The spo t s  a r e  probably a r e a s  burnt  before  
c u l t i v a t i n g , a s  we be l i eve  we have recognized crop land i n  t he  ne ighbwr -  
hood. 
11.1.3. On band 7 of t h e  inages I D  1096-08264 and -OR27 1 r e l a t i v e l y  s h o r t  
banda, more gray than  the  surroundings, show a genera l  p a t t e r n  of v a l l i e s  
which debouch i n t o  Lake Naidombe. They a r e  c l e a r l y  out l ined  on band 7 
images, but they  vanish on band 6 and a r e  no longer recognizable  on band 
5 imagee. These s igna tu re s  a r e  considered a s  r e a l  shallow v a l l i e s  covered 
by an edaphic f o r e s t ;  t h e  l a t t e r  i s  charac te r ized  by a  h igher  ch lorophyl l  
content  than t h e  s w o u n d i n g ~  t r o p i c a l  f o r e s t  because of the  g r e a t e r  
humidity of a l l w i a l  p la ins .  The v a l l i e s  d r a i n  the  surrounding a r e a s  i n t o  
Lake Maidombe. 
Three  a r e a s  call be d is t inguished:  south, c e n t r a l  and nor th :  
The southern a r e a  is  cha rac t e r i zed  by Lake Idaidombe and surroundings, 
inc luding  Lake Tumba. The elongated form and nea r ly  cons tan t  wideness of Lake 
Maidor~be have been i n t e r p r e t e d  by L.Cahen (1954) a s  i n d i c a t i o n s  of a n  inun- 
dated v a l l e y  due t o  a  l o c a l  s l i g h t  subsidence. The ERTS images do not  show 
s igna tu re s  of t h i s  subsidence o ther  than can be seen on maps. The narrowing 
of t he  south end of t h e  Lake and t h e  s p l i t t i n g  up i n t o  t h r e e  lobes a t  i t s  
no r th  end may suggest a  subsidence with a gen t l e  s lope t o  t h e  north.  On the  
o the r  s i d e  the  s h o r t  v a l l i e s  of a f f l u e n t s  a r e  always d i r e c t e d  t o  t he  eouth 
g iv ing  the  .whole drainage system a d e n d r i t i c  pa t t e rn .  I f  t he re  i s  a  sub- 
s idence,  a  marshy a rea  can be expected a t  l e a s t  on the  nor thern  end of t he  
Lake; indeed the  ERTS images show a v a s t  marshy a rea  with numerous pools  
on the  no r theas t  of Lake Maidombe. This  marshy area  i s  a l s o  drained by a 
a f f l u e n t s  of Lake Tumba. On maps the  drainage systems of Lake6  Tumba and 
I'laidombe a r e  d r a m  a s  c l e a r l y  separated systems. On ERTS images(1096-08264) 
t he  two systems appear joined i n  t he  marshy a r e a ,  nor theas t  of Lake Maidombe. 
Th i s  d i f f e r ence  between map and ERTS-images must be resolved by ground 
t r ~ t h .  Most banks of Lake Naid3mbe show a r e l a t i v e l y  r e g u l a r  pa t te rn .  On 
band 5 these  banks a r e  emphasized by small very l i g h t  toned l i n e s ;  i n  f a l s e  
co lo r  p ro j ec t ion  the  l i n e s  a r c  almost white so t h a t  we be l i eve  they 
correspond t o  f e a t u r e s  of human presence and not  t o  a  marshy vegeta t ion  
bordering the  Lake. On maps v i l l a g e s  a r e  s i t u a t e d  a t  r e g u l a r  d i s t ances  on 
the  lake  banks, s o  i t  i s  very l i k e l y  t h a t  the  l i n e s  r ep re sen t  v i l l a g e s  
elongated along the  Lake. 
The c e n t r a l  p a r t  focuses  on t h e  ZaPre, which i s  a braided r i v e r  with 
numerous i s l a n d s  and sandbanks. Remarkable i s  t h e  l o a a l  spl i t t ikng up of the  
stream i n t o  two groups of branches enclosing a very l s r g e  i s land .  The ZaTre 
v a l l e y  oennot be ou t l i ned  on d i f fe rence  of gray tone only, bu t  these 
d i f f e r e n c e s  a r e  emphasized by a  l i g h t  toned l i n e  separa t ing  them. The stream 
has constructed a l a r g e  a l l u v i a l  p la in .  South of t h s  Zerre  important 
a f f l u e n t s  can be recognized bu t  it i s  only i n  t he  a r ea  of t h e  Maringa-Lopori 
t h a t  cloud c w e r  does not  hinder  more d e t a i l e d  observation. The Maringa i e  
a  meandering r i v e r  with braided c h a r a c t e r i s t i c s .  Upstream of the  Maringa- 
Lopori confluence, t h e  walley of t h e  Lopori a l s o  appears  de l imi ta ted  by a  
l i g h b  toned l i n e  on both s ides .  On the  Lopori-ZaPre d iv ide  the re  i s  
perhaps a small  marshy area.  North of the  ZaTre a  l a rge  marshy a rea  i s  r e -  
cognizable by i t s  homogeneous dark gray tone on band 7 ;  i t  widens from t h e  
Vongala i n  t h e  e a s t  t o  the  G i r i  i n  the  west, and pene t r a t e s  upstream i n t o  
t h e  v a l l l e e .  The Edongala is  a small  meandering r i v e r .  The G i r i  appears  t o  
I be an  inundated v a l l e y  with e strollgmarshy cliaracter.  Here a l s o  t h e  marshy 
i a rea  i s  c l e a r l y  l i m i t e d  by a zone cha rac t e r i zed  by numerous l i g h t  t m e d  1 areas .  The G i r i  absorbs r a d i a t i o n s  i n  band 7 ( 0 , ~ - 1 , l  mu) and ref lecA;s  them 
i n  bands 5 (0,6-0,7mu) while band 6 (0,7-0,Rmu) t akes  a  t r a n s i t i o n a l  
pos i t ion .  We be l i eve  t h i s  d i f f e r e n t p a a t i o n  i s  due t o  suspended sediments 
whioh increase  t h e  r e f l e c t i o n  p r o p e r t i e s  of s u p e r f i c i a l  waters  and decrease 
t h e i r  absorp t ion  c z p e c i t i e s  (Highan 1973) '; f o r  t h a t  reason on band 7 t h e  
G i r i  i s  l e s s  black than  the  Zazre. 
The nor thern  a r e a  enc loses  t h e  ZaTre-Ubangi d iv ide  and i s  c h i e f l y  
drained by the Lua system. It appears  t o  be  an  almost f l a t t e n i n g  a rea  
shallow inc i sed  by t h e  Lua and i t s  a f f l u e n t s .  The Ubnngi forms t h e  northern 
l i m i t  of the a r e a ;  it i s  a braided r i v e r ,  which a l e o  desc r ibes  a  few 
angular  bends. Th i s  angular  conf igura t ion  suggests  t h e  presence of some 
s t r u c t u r a l  in f luence ,  bu t  another  i n d i c a t i a n s  could not  be de tec ted  on t h e  
image 8. 
TI. 2.2. Vegetat ion 
I n  genera l  dark tones  predominate on a l l  bands, which means t h a t  t h e  a r ea  i s  
fores ted .  I n  the  nor thern  p a r t  of t he  s t r i p  t h e  tone of images i s  l e s s  homo- 
geneous than elscvhere, i t  has a  mosaic appearance. Thus we have two d i s t i n c t  
areae. The very homogeneous a rea  ( south  and ccntre.1 ~ a r t s )  nus t  be a dense, 
evergreen f o r e s t  o r  t r o p i c a l  moist f o r e s t .  Th i s  f o r e s t  i s  in t e r rup ted  by 
small darkcr  orens  along r i v e r s ,  corresponding t o  the  edaphic f o r e s t .  The 
northern arcma with a mosarc cha rac t e r  must correspond with a  c l e a r  f o r e s t  or  
t o  a  bush savanna; i n  some p a r t s  of t he  images dark  l i n e s  of f o r e s t  g a l l e r i e s  
a r e  v i s i b l e .  The images do not  a l low us  t o  s t a t e  a  c l e a r  l i m i t  between t h e  
savanna a r e a  and the  moist t r o p i c a l  f o r e s t ;  i t  i s  perhaps t o  be found on the  
Zalre-Ubangi d iv ide  about t he  Lua-Vindu, no r th  of Gemena. This  s i t u a t i o n  
appears  t o  correspond very w e l l  t o  t he  da t a  found i n  t h e  l i t e r a t u r e ( ~ . ~ e e t e r s )  
The au thor  g ives  t h e  fol lowing succession from the  ZaTre t o  t he  Ubangi: on 
both s i d e s  of the  ZaXre the  edaphic f o r e s t ,  then  the  t r o p i c a l  moist f o r e s t  
and f i n a l l y  a  bush savanna wi th  i m p o r h n t  f o r e s t  g a l l e r i e s .  It i s  not  a  
continuous savanna, because i t  i s  in t e r rup ted  by i s l a n d s  of dense f o r e s t .  I n  
t h i s  a r ea  (IW of t he  Zar re  r e p u b l i c )  t h e  mvanna touches t h e  t ropPcal  m i e f t  
f o r e s t  without t h e  normal t r a n s i t i o n a l  semideciduous f o r e s t .  The f o r e s t  
i s l a n d s  a r e  genera l ly  cons t i t u t ed  by a  moist ,  s c ~ i - d e c i d u o u s ,  subequator ia l  
fo re s t .  So we have t o  conclude the  semi-deciduous f o r e s t  has  been destroyed 
and the  bush savanna i n d i c a t e s  a degradat ion of vegetat ion.  
11.2.3. Human presence s igna tures .  
Fea tures  of human presence a r e  s e t t l emen t s ,  roads  and c u l t i v a t e d  a reas .  The 
l a s t  give the c l e a r e s t  s igna tu re s  on ERTS-images; sb t t lemonts  and roads a r e  
genera l ly  t oo  small  and can only be recognized where the re  i s  heavy con t r a s t .  
The c u l t i v a t e d  a r e a s  a r e  recognizable  by t h e i r  l i g h t  tones ,  bu t  on d i f f e r e n t  
s p e c t r a l  bands i n  func t ion  of the  bas ic  vege ta t ion  (namely on band 7 i n  t he  
a r e a  of t r o p i c a l  moist  f o r e s t  and on band 5 i n  t h e  savanna). 
I n  func t ion  of d e n s i t y  of c u l t i v a t e d  a r e a s  f o u r  reg ions  can be considered: 
- The ~laidornbe region.  We have a l ready  not iced  the  more c r  l e s s  r egu la r  
conf igura t ion  of t h e  Lake banks. On band 5 the  l a t t e r  a r e  outlir.ad by 
almost white l i n e s ,  which probably r ep re sen t  v i l l a g e s  elongated a long  the  
Lake. These v i l l a g e s  do no t  appear t o  be a c c o g a n i e d  by important c u l t i -  
va t ed  a reas .  Cul t iva ted  a r e a s  a r e  recognizable  i n  t h e  bas in  of t he  
Baruampe-Ilontaba and about t h e  nor thern  end of the  Lake. Eas t  of the  Lake 
a  few p l a n t a t i o n s  can be recognized by t h e i r  geometr ical  conf igura t ion .  
These a r e  probably palm p lan ta t ions .  
- The Ruki-ZaTre region. Here cloud cover h inde r s  observat ion an& cnly 
f e a t u r e s  charac te r ized  by sharp c o n t r a s t  a r e  v i s i b l e .  We recognized a  few 
roads  with c u l t i v a t e d  ax=as and a few p l a n t a t i o n s  - marked by t h e i r  almost 
geometr ical  conf igura t ion  - i n  t he  neighbourhood of Ingende. The Lopori 
and the  ZaTre a r e  accompanied by c u l t i r m t e d  a r e a s  extending p a r a J l o l  with 
the  r i v e r s ;  probably they a r e  s i t u a t e d  on o r  j u s t  above t h e  v a l l e y  s ides .  
- The Zafre-Giri-llongala region.  I m m e d i a t e l ~  no r th  of the ZaIre  sparse ly  
c u l t i v a t e d  a r e a s  a r e  v i s i b l e  i n  t he  l a r g e  marshy area.  The bas in  of t he  
Upper G i r i  and the  bas ins  of t h e  nor thern  a f f l u e n t s  of t he  Mongala, which 
* 
enclose: t h e  se t t l emen t s  of Budjala and Gemena, a r e  densely cu l t i va t ed .  On 
maps t h i s  reg ion  appears densely occupied. The c u l t i v a t e d  a r e a s  avoid 
1 t h e  v a l l i e s ,  a s  can be recognized on ERTS-images. 
- The Lua-Ubangi region. Three a r e a s  can be recognized with c u l t i v a t e d  and 
burnt  a reas .  I n  t h e  west a p l an ta t ion  a r e a  i s  recognizable  by i t s  geo- 
met r ic  conf igura t ion .  This  reg ion  does no t  appear t o  be densely occupied 
and the  two southern c u l t i v a t e d  a r e a s  a r e  prolongat ions of t he  former 
region,  while the  t h i r d  i s  s i t u a t e d  on t h e  Ubangi. 
PART 111' PRJPOSAL FOR A REGIONAL DIVISION 
It i s  impossible t o  e s t a b l i s h  a  r eg iona l  d i v i s i o n  of t he  whole s t r i p ,  because 
of the high d o u d  cover over t h e  Ruki-Ikelcmbe area.  So we can only consider  
p a r t i a l  d i v i s i o n s  of the  northern and southern a r e a s  of t he  s t r i p  a s  separa te  
u n i t s .  
The smal les t  land u n i t s  recognizable a r e :  
- important lake 
- marshy area  with pools and covered by a  f o r e s t  vege ta t ion  
- important a l l u v i a l  p l a i n  covered with f o r e s t  
- crop and fa l low land i n  a  fo re s t ed  a rea  
- crop and fa l low land i n  a  savanna a rea  
- p lan ta t ion  a rea  
- pla teau  covered by the t r o p i c a l  f o r e s t  
- pla teau  covered by a savanna 
These smallest  land u n i t s  can be grouped i n t o  u n l t s  of a  higher  order  on the  
bas i s  of coherency and resemblance; so  we o t t a i r .  the  fol lowing subregions: 
1. The Lake ;laidombe eubregion. It i s  c o n s t i t u t e d  by Lakes Ifaidombe and 
Tumba and the  more o r  l e s s  mar'ehy surroundings covered by the  
t r o p i c a l  moist f o r e s t  which i s  in t e r rup ted  by s c a t t e r e d  crop and fallov; land,  
and p lan ta t ions .  
2. The ZaPre sub*e8&on..Th5a subregion encloses  t he  Zs'ire v a l l e y ,  t he  
2ah.e-Maringa d iv ide  ( south  of the ~ a ! i r e )  and t h e  v s s t  marshy a rea  
nor th  of t he  Zarr;. The whole a r ea  is covered by the  t r o p i c a l  moist f o r e s t ,  
which i s  in t e r rup ted  by ipa r se  crop and f a l low land charac te r ized  by l i n e a r  
pa t te rns .  
T.3 .  The Upp~r -Gi r i  - ~ o n ~ a ( M e 1 0 )  subregion. This  extends e a s t  and west of 
t he  Budjala and Gemeno se t t l emen t s ,  and i s  a  densely c u l t i v a t e d  a rea .  
It i s  a  savanna covered p la teau  with shallow inc ised  v a l l i e s ,  recognizable  
by t h e i r  f o r e s t  g a l l e r i e s .  
.4. ?he Lua-Ubangi subregion. Here the p la teau  i s  inc i sed  by s m l l o w  
t a l l i e s ,  bu t  without f o r e s t  g a l l e r i e s ,  and i s  coveled by a savanna. 
Crop and f a l l o n  land i s  c l e a r l y  .grouped i n  a  few places.  
The l a t t e r  two subregions can be grouped toge ther  i n  one reg ion  a s  they a r e  
charac te r ized  by a  p la teau  r e l i e f ,  shallowly inc i sed  by v a l l i e s ,  and covered 
by a  savanna which i s  i n t e m p t e d  by v a s t  c l u s t e r s  of crop and f a l low land. 
The exme could be done f o r  the  first two bu t  .%hey a r e  separated from each 
o ther  by t h e  heavely clouded zone on the  Ruki. 
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